47
Accordingly, mutants for the Bmp receptor acvr1l do not form a PE, whereas Bmp2b overexpression extends 48 PE marker gene expression 9 . During the process of PE formation, cells undergo a change in polarity,
49
suggesting that an epithelial-mesenchymal-like transition has a role in cluster generation [10] [11] [12] [13] .
50
After the PE is formed, the heartbeat has an essential role in allowing PE cells to be "washed away" 51 into the pericardial cavity. Heartbeat generates a pericardial fluid flow allowing the PE cells to reach the 52 myocardial surface, to which they ultimately adhere and begin epicardial layer formation 14, 15 . Nevertheless,
53
while it is clear that pericardial flow triggers the release of PE cells to the pericardial cavity and is needed to 54 form the epicardial layer, less is known about the role of mechanical forces on PE formation. 
71
Constriction of the dorsal pericardium and apical extrusion leads to PE delamination. To investigate the 72 formation of the PE, we performed a detailed analysis of pericardial mesothelial cell movement in zebrafish 73 embryos. PE clusters appeared at the midline of the DP, which extends from the venous to the arterial pole of 74 the heart tube ( Fig. 1a) . To image PE formation, which begins around 52 hours post fertilization (hpf), we used 75 the enhancer trap line Et .WT1-gata2:EGFP) cn1 (hereafter termed epi:GFP) in which GFP expression 76 is controlled by the regulatory elements of wilms tumor 1a (wt1a), and recapitulates its expression pattern 14 .
77
Thus, pericardial and PE cells are GFP + in the epi:GFP line. GFP expression is present in all DP cells and is
78
particularly strong around the cell nucleus 29 and thus suitable for cell tracking. We tracked individual cells of 79 the DP using time-lapse video imaging from 52 to 60 hpf, and found that they became displaced and 80 converged at the midline ( 
85
To further characterize the morphological changes to the DP during PE formation, we quantified the changes 86 in the relative velocity of DP cells with respect to their neighboring cells using a customized calculator of the 87 velocity field divergence based on DP cell tracking in epi:GFP embryos ( Supplementary Fig. 1 (Fig. 2d) . We next assessed cell proliferation by immunostaining for phospho-112 histone 3 (pH3) on fixed epi:GFP embryos. While proliferating cells could be found in the pericardium (Fig.   113 2e-g and Supplementary Fig. 2a,b treatments significantly reduced the number of PE cells from 9 ± 3 to 0 ± 1 or 2 ± 1, respectively (Fig. 2i) . 
133
We also analyzed the localization of polymerized actin during PE cell formation at 60 hpf using 134 whole-mount labeling of actin with a phalloidin-coupled fluorophore (Fig. 3b') . Whereas actin was located in 135 the basal region of the DP cells ( Fig. 3b'' , 3b'''), it was polarized and accumulated apico-cortically in PE 136 cells, consistent with the pattern observed for myosin II (Fig. 3b'' Fig. 3a-c) . Compared to non-treated embryos, BDM 152 treatment led to a reduction in LifeAct-RFP expression in the DP (Fig. 3d, actin polymerization in BDM-treated animals (Fig. 3f) . Moreover, animals treated with jasp or BDM + jasp 161 had 8 ± 4 and 9 ± 3 PE cells, respectively (n=15 or n=14 embryos each), which resembles control conditions,
162
whereas BDM-treated animals had 1 ± 1 PE cells (n=13) (Fig. 3g, comprised approximately 10 cells (Fig. 4a,b) . Overexpression of bmp2b during the embryonic stages preceding PE formation by delivering HS pulses at 26, 32 and 48 hpf, resulted in a 2-fold increase in the 175 number of PE cells; from 10 ± 5 cells in control embryos to 22 ± 9 in bmp2b-overexpressing embryos at 60 176 hpf (P < 0.0001) (Fig. 4a,b) . The total number of DP cells prior to PE formation did not differ between 177 bmp2b-overexpressing fish and control animals heat shocked for 26 and 32 hpf (Supplementary Fig. 3d ; n=6/7 178 animals), suggesting that the enlarged PE clusters observed upon bmp2b overexpression were not a 179 consequence of an expanded population of DP cell precursors. PE cells emerge to a small extent from the DP 180 close to the venous pole of the heart (vpPE) and to a larger extent from the DP close to the atrioventricular 181 canal (avcPE) 14 . To assess whether Bmp2b was acting on a particular subpopulation we individually 182 quantified the number of cells in the avcPE and vpPE clusters and found that bmp2b overexpression 183 significantly increased the number of cells in the avcPE cluster ( Supplementary Fig. 3e ).
184
In addition, the number of epicardial cells found on the ventricular myocardial surface was higher in the total number of pSmad1/5+ DP cells was increased in bmp2b-overexpressing embryos (Fig. 4f) 
217
We therefore explored how the actomyosin network is altered by bmp2b overexpression to understand the 
223
Examination of F-actin levels by immunostaining at 60 hpf revealed that bmp2b overexpression increased 224 these levels significantly. In the presence of BDM, actin levels in PE cells were lower than those in controls; 225 however, they were significantly rescued upon bmp2b overexpression (Fig. 5b,c ).
226
Our results show that actin filaments are necessary for PE formation. and reverted the increase in PE size upon bmp2b overexpression (Fig. 5f,g ). The mean number of PE cells was 237 2 ± 2 cells (from a total of 24 animals) for the LDN treated group and 3 ± 2 (from a total of 9 animals) for the 238 LDN + jasp group (Fig. 5g) . In both cases, the mean number of PE cells was lower than that usually observed 239 in untreated controls, which was 9 ± 2 cells. By contrast, when we stabilized actin filaments with jasp from 48 240 hpf onwards and 4 h prior to LDN administration, the number of PE cells was significantly increased to 6 ± 3
241
(from a total of 11 animals) compared with the LDN group. Taken together, these results show that the Bmp 242 signaling pathway influences actomyosin polymerization and the stabilization of the F-actin network partially 243 compensates for the negative effect of Bmp signaling inhibition on PE formation.
244
To gain deeper insight into the mechanisms of Bmp2b action, we analyzed how DP cell displacement 245 is altered in BDM-treated animals in a background of bmp2b overexpression. We imaged epi:GFP animals 246 from 52 to 60 hpf and tracked epi:GFP + cells in the DP. In bmp2b-overexpressing animals, the DP constricts to 247 the midline (Fig. 6a) , as observed in controls (Fig. 1c) . Upon BDM treatment, the typically observed crowding 248 of GFP + cells at the midline was not apparent (Fig. 6b) . However, bmp2b overexpression rescued DP cell 249 displacement towards the midline upon BDM treatment (Fig. 6c) . We next quantified DP cell displacement 250 using divergence fields. BDM treatment led to expansion, whereas control and bmp2b overexpression led to 251 DP tissue constriction (Fig. 6d,e) . Accordingly, cell displacement tracking revealed a movement towards the 252 midline in control (n=4 embryos) and bmp2b-overexpressing embryos (n=4), whereas DP cells were 253 predominantly displaced away from the midline in BDM-treated embryos (n=5) (Fig. 6f) Fig. 4a ,b) (6 ± 3 cells vs 0 ± 1 cells in controls; P < 0.0001).
269
To determine the cell type in which the activity of NICD is necessary, we crossed UAS:NICD-myc 
277
PE formation was not rescued by NICD overexpression (Fig. 7c,d ) but at 80 hpf a PE cluster was observed in 278 BDM-treated animals (13 ± 8 cells vs 0 ± 1 cells in BDM only; P < 0.0001; Supplementary Fig. 4c,d ). NICD 279 overexpression did not increase cell proliferation in the DP, as assessed by quantification of pH3 + cells and it 280 also did not rescue the number of proliferating cells under BDM treatment (Fig. 7e) . The effect of Notch1 281 inhibition for PE formation was also assessed with the Notch inhibitor, RO-4929097 (RO) 56 . RO 282 administration reduced PE cluster size (2 ± 2 cells vs 8 ± 3 cells in controls), which occurred concomitant with 283 the loss of actin cytoskeleton polarization in DP cells at the midline (Fig. 7 b, (Fig. 7h) . lfng:GFP marks endothelial cells from the sinus venosus and the endocardium (Fig.   290 7f,g). PE cells do not present high levels of lnfg:GFP expression (Fig. 7h,i) . (Fig. 7j) . Fluorescent in situ mRNA hybridization to detect notch1a revealed that its coexpression 297 colocalizes with fli1a:GFP 61 , an endocardial reporter line (Fig. 7k) . Furthermore, the Notch pathway target
298
Hey2 is expression in the endocardium of the embryonic heart tube (Fig. 7l) signaling in pericardial cells in response to endothelial Notch activity (Fig. 8a-c) . At 80 hpf, this effect is 308 exacerbated ( Supplementary Fig. 4e-g ).
309
We also analyzed the impact of the increase in PE cells upon NICD and bmp2b overexpression on 310 epicardium formation. Whereas epicardial cell numbers were unaffected by the overexpression of NICD,
311
bmp2b overexpression increased the epicardial cell number at 80 hpf as compared with untreated animals 312 ( Supplementary Fig. 4h ). Similarly, we wanted to assess whether PE formation was stable over longer time 313 periods: at 5 days postfertilization (dpf) the PE was not present (Supplementary Fig. 4i ). (Fig. 8d) . At 60 hpf, PE cell formation was not rescued by NICD overexpression in presence 317 of LDN (2 ± 3 cells vs 9 ± 2 cells in untreated animals) (Fig. 8e) . The reduction in PE formation upon RO 318 treatment from 48 hpf onwards was reverted by the overexpression of bmp2b where a cluster similar to that 319 seen in a wildtype condition was present (2 ± 2 cells vs 8 ± 5 cells, P < 0.0001) (Fig. 8d,e) .
320
Next, we evaluated how the different treatments affected pSmad1/5 levels in the DP (Fig. 8f) . As 
333
One possible explanation for the increase of PE clusters observed upon bmp2b or NICD 334 overexpression is that less cells are released from the PE and hence that PE clusters change in size in the 335 different tested conditions. Thus, we counted the number of PE cell release events during 8 h in vivo and no 336 differences were observed between control, bmp2b or NICD overexpression (Fig. 8i) . Similarly, the number of 337 PE cells released per event did not differ between groups (Fig. 8j ).
338
Overall, these experiments indicate that the Notch signaling pathway acts in the endothelium and 339 endocardium to regulate Bmp signaling in the myocardium, which is necessary for PE formation (Fig. 8k) .
341

DISCUSSION
342
We propose a model in which Notch activity in endocardial cells leads to the expression of bmp2b and 343 bmp4 in the embryonic heart tube myocardium, which subsequently signals to PE precursor cells promoting 344 PE cluster formation through its effect on the actomyosin cytoskeleton (Fig. 8k) 
408
Bmp signaling has been described to be necessary for PE specification in the zebrafish 9 . In chicken PE 
439
For experiments to overexpress NICD in the endocardium/endothelium the following triple transgenic line was 
444
Heat shock was performed to the embryos at 39ºC in preheated water for 1 h.
446
Generation of the TgBAC(wt1b:GAL4) transgenic line
447
The translational start codon of wt1b in the BAC clone CH73-186G17 was replaced with the galff-polyA-Kan 
541
High resolution in vivo imaging was performed with the Zeiss LSM880 airy scan fastmode, using a 542 40x/1.1 water immersion objective lens. Sampling was performed with 1x Nyquist Coefficient parameters.
543
Airy scan processing was performed in ZEN 2.3.
544
Realigned 4D data sets were displayed and analyzed using Imaris (Bitplane AG) or ImageJ.
546
Drift correction
547
Small movements of the plate and the embryo in the agarose were manually suppressed using a drift 548 correction, selecting a particle, usually a noise voxel, following the movement to be corrected in two 
587
To calculate the angle of cell movement to the midline, epi:GFP embryos were in vivo imaged from 52 hpf.
588
The midline is a defined line that runs from the venous pole to the outflow tract of the heart tube. Dorsal 
605
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